Purpose: To investigate a method for preventing retinal slippage after standard vitrectomy for rhegmatogenous retinal detachment.
P
ars plana vitrectomy (PPV) is a common procedure used to repair rhegmatogenous retinal detachment (RRD). 1, 2 For giant tears, bullous RRD, and retinal breaks with marked vitreous traction, primary PPV is the most commonly used treatment. The use of perfluorocarbon liquids (PFCL) has improved both safety and effectiveness of PPV surgery for retinal detachments. 3 In our previous fundus autofluorescence (FAF) study that examined eyes treated with standard vitrectomy and gas injection for bullous RRD, in some cases, we found that the retina moved downward postoperatively. 4 The hyperautofluorescent lines
shown by the FAF were located superior and parallel to the retinal vessels. These findings suggest that unintentional postoperative retinal translocation may easily occur in patients with large retinal detachments or macular detachments. Our previous study also found that although approximately half of our patients demonstrated excyclotorsion and/or vertical deviation on orthoptic examination, none of these patients complained of binocular diplopia. Immediately after our previous study, we encountered one patient who complained of severe binocular diplopia after vitrectomy for RRD. Pandya et al 5 have reported that retinal slippage may develop after performing PPV with gas injection for intraocular tamponade. Furthermore, they suggested that this slippage could also be responsible for several disturbing symptoms, such as vertical diplopia and distorted vision. Even if the retina is totally reattached during PPV, at the end of the surgery, subtle subretinal fluid remains in these patients with RRD. After these surgeries, patients routinely are placed in a sitting position for a short time before they assume a face-down position. During this period, the force of gravity may cause the retina to move slightly downward. Therefore, we decided to investigate whether the retinal displacement that occurs after surgery in eyes with RRD treated with standard vitrectomy and gas injection could be prevented by simply placing patients in a face-down position at an earlier time point during the procedure.
Patients and Methods
Between December 2006, and November 2010, 86 eyes of 86 patients with RRD involving 1 or more quadrants underwent successful standard PPV with 20% sulfur hexafluoride gas injection at Kagawa University Hospital. None of the patients had any history of preoperative binocular diplopia. This study excluded any eyes that had undergone previous reoperations, silicone oil tamponade, or proliferative vitreoretinopathy.
The patients were classified into two groups. In Group 1, 44 patients underwent surgery from December 2006, to July 2008, and were placed in a face-down position in their rooms at approximately 10 minutes after completion of the procedure. In Group 2, 42 patients underwent surgery from August 2008, to November 2010, and were placed in a face-down position in the operating room immediately after completion of the procedure. Of the 44 cases in the Group 1, information on 43 of these patients was previously reported in a study that we published in 2010. 4 
Surgical Technique
Local anesthesia was induced by retrobulbar nerve block. A three-port PPV was performed in all cases using the Accurus vitrectomy system (Alcon Labs, Fort Worth, TX). Patients older than 50 years underwent combined cataract surgery. After separation and removal of the posterior hyaloid using a vitreous cutter, all of the vitreous traction on the retinal tears was removed, with the peripheral vitreous then subtotally shaved. In 63 eyes, PFCL (Perfluoron; Alcon Labs, Fort Worth, TX) was injected over the posterior pole and reached the posterior border of the retinal breaks through a 20-, 23-, or 25-gauge blunt cannula. Subretinal fluid was drained through the original retinal breaks in all 86 eyes using fluid-air exchange. After performing endolaser photocoagulation around the retinal breaks and completely removing the PFCL, 20% sulfur hexafluoride gas was used for internal tamponade in all cases. Neither scleral buckling nor retinotomy was performed. After the surgery, Group 1 patients were moved to the recovery room, with the face-down positioning started at 10 minutes to 20 minutes after the end of the procedure. In the Group 2 patients, the face-down positioning was started in the operating room immediately after completion of the surgery. Both patient groups maintained a face-down or other appropriate position over the next 7 days to 10 days after the surgery.
Ophthalmic Examinations and Fundus Photography
All patients underwent a regular ophthalmic examination, including measurement of the best-corrected visual acuity and fundus examination. Color fundus photography was performed using 50°fields of the panoramic image preoperatively and at 1 month postoperatively. Fundus autofluorescence imaging was recorded by a Topcon TRC-50DX fundus camera with 2 bandpass filters (based on the modification by Spaide, 6 with an excitation bandwidth of 500-610 nm and an emission bandwidth of 675-715 nm) and used to detect displacement of the retina at 1 month after the surgery.
Orthoptic Examination
All patients underwent an orthoptic examination at 3 months after surgery, with a synoptophore (Clement and Clark, Edinburgh, United Kingdom) used to measure the objective and subjective angles of deviation and fusion ability, as per a previously described method. 7 The elevation-dependent torsional disparity during various degrees of convergence was measured. With a synoptophore, subjects view two images at optical infinity through two eyepieces. These images fill the visual field so that nothing in the surrounding laboratory can be seen. The images can be independently rotated vertically and torsionally about a Fick system of gimbals for each eye.
Statistical Methods
Multiple logistic regression analysis was performed to determine whether a significant association exists between several factors including age, gender, PFCL use, macular status (on or off), the extent of retinal detachment, the timing of the start of the face-down position (independent variables), and the unintentional slippage of the retina (dependent variable). A P value of ,0.05 was considered significant. All statistical analyses were performed using SPSS 17.0 statistical software.
The study was conducted in accordance with the recommendations of the Declaration of Helsinki and was approved by the Institutional Review Board/ Ethics Committee of Kagawa University Hospital. After an explanation of the purpose of the study and the procedures to be used, a signed informed consent form was obtained from all patients before the surgery and examinations. Table 1 
Results
There was no statistically significant difference in the extent of RRD between the two groups.
After complete reattachment of the retina, FAF indicated that there were hyperautofluorescent lines located superior and parallel to the retinal vessels ( Figure 1, A and B) in 38 of the 86 eyes (44.2%). These lines were within the vascular arcade in 28 of the 44 eyes (63.6%) in Group 1 and in 10 of the 42 eyes (24.0%) in Group 2. The difference between the groups was statistically significant (P = 0.004, Fisher's exact probability test). The frequency of retinal slippage determined by FAF was much less in the Group 2 versus the Group 1 eyes (Figure 2, A and B) .
Multiple logistic regression analysis revealed that both the extent of RRD (P = 0.029) and the time the facedown position was started (P , 0.001) were significantly associated with the postoperative retinal slippage.
Of the 28 eyes in Group 1 with retinal slippage, 1°t o 7°of extorsion were seen in 16 eyes, whereas 1°to 9°of vertical deviation were seen in 13 eyes. Of the single patient in Group 1 who complained of binocular diplopia (Figure 3) , a synoptophore detected 7°extor-sion and 9°of vertical deviation in the patient's eyes. As this patient continued to complain about his vision during the 4 months after the surgery, he was fitted for prism-adapted glasses. Although 1°to 4°of extorsion in 6 eyes and 1°to 4°of vertical deviation in 8 eyes were observed for the 10 eyes of Group 2 that had retinal slippage, none of these patients complained of any binocular diplopia or slant. Synoptophore examination of the remaining 48 patients without retinal slippage showed that there was no obvious strabismic deviation. 
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Discussion
Fundus autofluorescence is a noninvasive test that provides discrete funduscopic images based on stimulated emission of light from lipofuscin. Increased phagocytosis of the photoreceptor outer segments gives rise to the hyperautofluorescence. 6, 8 Based on these findings, we suggested in a previous report that FAF imaging may be a valuable technique for assessing the retinal displacement (slippage) after standard vitrectomy for patients with RRD. 4 Even when using PFCL along with intraocular gas tamponade to ensure drainage of the subretinal fluid, a small amount of the subretinal fluid usually remains immediately after the end of the PPV surgery. The observation that retinas also move downward after these surgeries suggests that the intraocular gas may be responsible for positional change. The reason for this change may be related to the downward shift of the residual subretinal fluid that occurs when patients are in a sitting position immediately after the PPV surgery. Moreover, as large retinal detachments, which include macular detachments, were found to be independently associated with the postoperative slippage of the retina, this may indicate that residual subretinal fluid can easily shift downward. In our previous study, all of the patients remained in a sitting position for approximately 10 minutes, with the face-down positioning only started once they were taken to the recovery room after the operation. Therefore, our findings suggest that the several minutes it took to get the patients into a face-down position may be an important period for preventing intraocular gas-caused retinal slippage. Ensuring that a strict face-down position is started and maintained as soon as the operation is completed may very well help to prevent retinal slippage.
Codenotti et al 9 reported that retinal slippage occurred in 52.2% of the RRD eyes treated by vitrectomy with gas or silicone oil tamponade. In addition, they also reported that occurrence of retinal slippage was significantly higher in eyes with gas tamponade (71.4%) as compared with eyes with silicone oil (22.2%). In both this study and the study by Codenotti et al, all patients treated with gas tamponade tried immediate face-down positioning, the rate of slippage in our Group 2 was 24.0%, and the rate of slippage in the study by Codenotti was 71.4%. The reason for the differences of the rate of slippage may be according to more severe and earlier starting the face-down positioning after completion of the surgery in this study. Furthermore, the retina shifted downward in all eyes with C 3 F 8 , although it shifted upward in all eyes with polydimethylsiloxane. However, RRD treatments that use silicone oil unfortunately require that patients undergo two operations, one for the injection and a second for removal of the silicone oil. Thus, to prevent retinal displacement without silicone oil use, a strict face-down position immediately after gas tamponade seems to be very important. After the patients remain in this facedown position for the first 24 hours, they can change their position to a more comfortable and appropriate one, as the subretinal fluid is most likely absorbed within the first 24 hours.
Postoperative retinal slippage was strongly correlated with the timing of the face-down positioning (P , 0.001). An early start time for the strict facedown positioning after vitrectomy with gas injection was also found to be the most important point for preventing retinal displacement. Furthermore, this method also proved to be both effective and safe for use in preventing binocular diplopia after vitrectomy for RRD.
Rotation of the retina leads to torsional and vertical strabismus. 10, 11 However, cyclodeviation can easily be compensated for by the sensory fusion ability. This compensation is driven by the central nervous system and occurs without any clinically visible motor adaptation. 12 This torsion also greatly exceeds the maximum total amplitude of the cyclofusion, which can be as large as 15°. 13, 14 In our previous study, 4 59 .3% of the patients with retinal slippage after PPV for RRD had 1°to 5°of extorsion, whereas 48.1% had 1°to 4°of vertical deviation. In this study, however, there was only 1 patient in Group 1 who exhibited larger-angle extorsion and vertical deviation after PPV. As this patient complained of binocular diplopia, we performed synoptophore examination, which demonstrated that his eyes had a 7°of extorsion and 9°of vertical deviation. Both the cyclotorsion and the vertical deviation exceeded the sensory and motor fusion ability. Therefore, these results show that patients with RRD need to be carefully followed after PPV, especially about their binocular vision.
In conclusion, the results of this study suggest that the use of early face-down positioning in eyes with bullous RRD treated with standard vitrectomy and gas injection may prevent retinal slippage and the binocular diplopia caused by foveal translocation. Although the reviewer of FAF images was not masked as to the patient's study group, an additional long-term FAF prospective masked study after PPV for RRD may help to further clarify the importance of using early face-down positioning.
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